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The content of HS In various

ecosystems
Solls 1-12%
Coal, peat, sapropel 65%-95%
Seas and oceans 0,1-3,0 mg/L
Rivers and lakes 2- 20 mg/L
Swamps Up to 200 mg/L




Hypothetical models of the humic substances structure
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Jonyueno Munncrepersom BHCITe-
ro H CpejiHero CemHajbHOro o6pa-
sosanus CCCP B kauectse yueG-
HHKA AJS CTYIEHTOB BHICUIHX yyel-
HBIX 3aBejieHH{l, ofyuaouuxcs no
CHeUHANBHOCTH <ArpOXHMHS H MOY-

BOBEjeHHe»

U3IATEJILCTBO
MOCKOBCKOI'O

YHUBEPCHTETA
1985

BOHOHIAAMH H JAPYrHMH NPHPDOAHBIMH coelHHEHHUSIMH, COJAEpIKAallHMH apo-

MaTHUYECKHE fAApa.
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OH OH OH
0CHs n,cotojocﬂ3
CH CH
1l ] 1l
CH (I:H ?H
COOH COOH COOH
(pepynosas cuHanosan n-Kymaposes
KHenoTa KucnoTa KucnoTa

OKMCAeHHe l OKMCAeHUe
OH

OH OH
@ocu, H,co@ocu, @
COOH COOH COOH
BaHWMHOBAR Cupenesast n-oKcubensoitas
KcnoTa Kucaora KucnoTa
Tememuposanne l ruApoxanuposauﬁe
OH OH
OH HO OH
COOH COOH
npoTOKaTExX083R rannosas
ucnoTa KuenoTa
 SHchTensHoe 1 ZiekapboKcHaHpoBatiue
0 0 0
0CH, OH
0 0 0
METOKCHOEHIOXMHOH ruapoKeut 6

Puc, 42, Srans pacnaja Jurapsa (mo @asiry)

Bananc cTPyKTypHBIX (hparmentos. Kpoye MOHOCaXapHIOB, aMHHOKHC-
sor u BIIK B NpOAYKTax paclleljeHHs TYMYyCOBBIX BEILECTB HalIeHsl
HOpMAJbHbe aJKaHB, XHPHbIE KHCIOTH H HEKOTOpDBIE IpyrHe COeHHEeHHH,
‘HO COXEPIKATCH OHH B OYEHb MAJBIX KOJHYECTBAX M MPAKTHHECKH HE yuH-
THIBAIOTCH NPH MOJABE/CHAH OalaHca.

macce GyabBokHeaoT B 65—90% OT Macch ryMHHOBBIX KHCJOT (ra6a. 54).
KOMNOHEHTHl THAPOJAH3YeMOli SaCTH HACHTHOUIHPYIOTCS IOHTH TOJIHOCTBIO.
Crejyer WMeTb B BHAY, YTO NPH JIOOLIX METOLAX BBIXOA NPOAYKTOB Je-
CTPYKUMH NpaKTHUECKH HUKOraa He Geisaer 100%-HEiM OT TeopeTHYecKoro,
MoSTOMY HAaHHble TaGJ. D4 MOKHO CUHTATH NPHTOAHBIME JUIS NOCTPOECHHA
o6umeit cxemu crpoerus TK u @K.




BasaHc CTPYKTYPHBIX (PParMeHTOoB ryMycoBbIX KHCAOT,
K BeEULleCTBY

'K
DK
CrpysTypHsie gpparmenTn ACPHOBO- (pasauuunie
NEepPHO3tM HoA30JHCTAN NnoYBLl)
nouna
I'napoaunsyemasn wacte I'K
AMHHOKHCAOTH, BCEro 58 8,4 6,1
B TOM 4YHCJE OCHOB- 0,8 1,2 0,2
HLle
AmuHocaxapa 1,9 1.9 3.3
Bemectsa THna &dyas- 6 7 -
BOKHCJAOT
Yraesoaw, BCEro 29 27 44
B TOM MHCJje
NeHTO3N 6 6 4
MCTHJANEHTO3H 8 7 16
reKcosn 15 14 24
Cymma 44 46 55
Heruapoanayemas uwacrs I'K
ApomaTHuecKie Mpo- (42 ) 17 10,5
JAVKTH OKHCJIEHHS S~
AMHHOKHCJIOTH 1,9 28 20
Cymma 441 20 13
O6ias cymma 88 66 68




ad

-

2

H H H HHH
Faki s pn
R
1 i I
| 2
H ?3
FLE-H
OH ' =0
e P

. neprar” vacts

(&"2)17

-

FMaponusyemas 4acTo

(CH5),CHCH,CHNH,COOH,

(c8"10°5)2 '
~(cooH), ,~(oH), ,

=(NH,), , =(CH,)-
% Y

OH

b

Puc. 51. ®opmyna ctpykrypHoil avefikn rymuHoBoil xﬁcnow (no Opaosy



Hypothetical models of the humic substances structure

Macromolecular model Supramolecular model

Humic substances Humic substances

Oxidation by KMnO4, CuO,

etc., e AR OATE
pyrolysis, | emmsme (\ 7T
acid hydrolysis by 6N HCI

v . ———

Benzenepolycarboxylic and
phenolpolycarboxylic acids
carbohydrates, amino acids

Benzenepolycarboxylic and
phenolpolycarboxylic acids
carbohydrates, amino acids
+
fatty acids and alkanes

oy (40-60% of the total_ mass)

coom | -
< S 4005 1
o ¥ “ = 1 com
1~ 20~ o T Wy
“ - ey CH AN,
1 P i o on o, L BOY I Ay

I <5
ou i - o
o 9 ° C&LO"W .@o.. ocu,

5 _» ~ 07 cu, X 2 o
& Y oy u
- 0 i

/ZLO-«_ 3

3
05,0
o coom 2
I g SOTRENE N o
ch, = S w,
Ge, 0 Oy 0o
N
ngo I ™

Ny
-
o H07 o=




The term "supramolecular
chemistry" was introduced in
1978 by Nobel Prize winner

and Is defined
as "chemistry describing
complex formations that are the
result of the association of two
(or more) chemical particles
bound together by
Intermolecular non-covalent
bonds".
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Electrophoresis of chernozem HA in 10% PAG
with detection in visible and UV light

Chernozem humic acids

-—

A

C+D

Trubetskoj et al., 1992, Soil Biol.Biochem 24, 893-896

Trubetskoj et al., 1997, J. Chromatography A 767, 285-292

Trubetskaya O. et al., 2011, Analytica Chimica Acta, v. 690,
263-268

+
Visible light UV light( 312 nm)



Electrophoresis of several soil HAs of different genesis
In 10% PAG with electropherogram detection

In visible light
1 2 3 4
A [— |
1 Podzolic soil HA (Russia)
2 Grey forest soll HA (Russia)
3 Chernozem HA (Russia)
B A .

4 Red soll HA (Georgia, former USSR)

Trubetskoj O., Trubetskaya O. et al., 1999, Geoderma 93:277-287



Combination of preparative exclusive chromatography with
analytical electrophoresis for obtaining of
stable electrophoretic fractions from chernozem HA

280 |

Preparative .
chromatography on
Sephadex G-75 in

) A B C+D
7M urea solution o

T 1
(@] 60 120 180 ml

\ \ \ MSa>MSe>MSc+D
HA

A = . 4 —
Analytical
electrophoresis B -_— —
in 10% PAG
C+D
v+

Trubetskoj O., Trubetskaya O. et al., 1997, J. Chromatography A 767:285-292



Analytical methods used for complex structural
analysis of electrophoretic fractions A, B and C+D

Chernozem HA

Fraction A
Large MS
Low EM

Fraction B Fraction C+D
Medium MS Low MS
Medium EM High EM

Destructive methods:

1). Acid hydrolysis by 6M HCI

2). Pyrolysis/gaz-chromatography/
mass-spectrometry

10). Photochemical activity

Non-invasive methods:

3). Ultrafiltration

4). UV-visible absorbance spectra

5). 2D- and 3D-fluorescence

6). 13C- n 1H-NMR

7). RP-HPLC

8). HPSEC

9). High-resolution mass-spectrometry

MS — molecular size;

EM — electrophoretic mobility




The fractions A, B and C + D obtained were
significantly different in terms of:

a) electrophoretic mobility (Trubetskoj O., et al., 1991. Soil Biology & Biochem., v.23, p. 1181-1183;
Trubetskoj O., et al., 1992. Soil Biology & Biochem., v.24, p. 893-896)

0) molecular size (Trubetskoj O., Trubetskaya O. et al., 1997. Journal of Chromatography A,v.767, p. 285-292)
B) amino acids content (Trubetskaya O., Trubetskoj O., et al., 1998. Environment International, v.24, p. 573-581)
r) conformational characteristics (Tumuenxo A.A., Tpybeyxoii O.A. u op. 1999, IloBepXHOCTb, Ned, ¢.23-30)

1) fatty acid content (Hermosin B., Trubetskoj O. et al., 2001 J. Anal. Appl. Pyrolysis, v.58, p.341-347;
Saiz-Jimenez C., Trubetskoj O. et al., Geoderma, 2006. v.131, p.22-32)

¢) optical properties (Trubetskaya O., Trubetskoj O. et al., 2002. Organic Geochemistry. v.33/3, p.213-220)

>K) photochemical activity (Aguer J.-P., Trubetskoj O. et al., 2002. Chemosphere. v.49, p.257-261;
Trubetskoj O. et al., 2007. J. Photochem. Photobiol. A, v.189, p. 247-252)

3) fluorescent properties (Richard C., Trubetskoj O. et al., 2004. Environ. Sci. & Technol., v.38, 2052 -2057;
Sanchez-Cortes S., Trubetskoj O. et al., Applied Spectroscopy, 2006. v. 60, p.48-53;
Trubetskaya O., Trubetskoj O. et al., 2011, Analytica Chimica Acta, v. 690, 263-268)

1) phytohormonal activity (Ceporox O.IT., Tpybeyxoii O. u dp. 1999. Jlokaaasl PAH. 1. 365, ¢.430-432)

K) ratio of aliphatic and aromatic components (Trubetskoj O., Hatcher P.G., Trubetskaya O. 2010.
Chemistry and Ecology. v.26, p.315-325)

M) hydrophobicity (Trubetskoj O., Trubetskaya O. et al., 2012. Journal of Chromatography A, v. 1243, 62-68)



Some physical-chemical characteristics of chernozem HA sample and its
electrophoretic fractions A, Band C+ D

LPSEC, RP-HPLC 13C-NMR | Pyrolysis/methylation gas
ultrafiltration, chromatography/mass
Sample HPSEC spectrometrometry
Nominal Relative Relative Long-chain fatty acids
hydrophobicit aromaticit
MS YErOPRoBIETY y (C16-C22)
(%) Carom/Caliphat
HAS ~ 29 1 9 Identified
A >100kDa 73 O 7 the highest content
B 100-30 kDa 33 13 trace amounts
C+D 30'10 kDa O 3.2 absent
Publicatiions | J.Chrom.A J.Chrom.A Chemistry and J. Anal. Applied Pyrolysis
(1997) 767:285. (2012) 1243:62. Ecology (2001) 58-59:341.
Geoderma J.Geoch. (2010) 26: 315.
(1999) 93: 277. Expliration Geoderma
EST (2013) 132: 84. (2006) 131: 22.
(2004) 38: 2052. J.Soil &

Sedediments
(2014) 14 : 285.




Conclusions

If soil humic acids would be macromolecules then their
electrophoretic zones would differ only in size, but not In
composition, physical-chemical properties and photochemical
activity.

The detection in soil humic acids of the largest molecular size
fraction A, consisting mainly of amphiphilic fatty acids,
suggests the possibility of forming on its basis the main
structure-forming components of soil humic acids.

The summary of the data obtained is a direct experimental
confirmation of the existence of soil humic substances in a
form of supramolecular complex.
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asora.

Jlns yBepeHHOro OTHECEHHsI OpraHHYecKHX cOelMHEHHI K KJaccy ry-
MyCOBBIX BewlecTB HeOOXOAMMO H JOCTATOYHO COUETaHHE NATH BaxKHeNHumux
NPH3HAKOB:

1. CosepxKanue yrjepoja B npejenax 46—619% naasi TYMHHOBBIX KHC-
J0T M Or 36—449% nans GyALBOKHCAOT NPpH 00s3aTeJILHOM COAECPXNKaHHH
azotra or 3 no 6%. dto obGasareabHBIH NPH3HAK, XOTA TOJIBKO 3JIEMEHT-
HBIl CcOCTAB He MOXKeT OblTh AOCTATOYHBIM JUISE OTHECEHHs TOJYyHAEMBIX
npenaparoB K rymMyCOBbIM BelleCTBaM.

9. O6A3aTE/bHOE MPHUCYTCTBHE HE OKHCJ/SAEMBIX LIEJOYHBIM pPacTBOPOM
nepMaHraHaTa Kajusi OeH30J (MHPHAHH)-KapGOHOBHLIX KHCJAOT; XapaKTep-
Hasi 0COGEHHOCTb 3THX NPOAYKTOB — HaJH4YHE B HHX 3—69% asora, ycJaos-
HO HA3BIBAEMOrO reTepoUHKJIHYCCKHM.

3. HajauuHe <«HerHApOJH3yeMOro», HJIH TYMHHOBOro, asora B KOJH4e
crBe 26—559 oT ofuiero, 4acTh KOTOPOro mnpejacTaB/eHa yHOMSHYTBHIM
BHIILE TeTEPOUHKIHYECKHM a30TOM.

4. XapakTep 3JEKTPOHHBLIX CHEKTPOB MNOrJOUICHHS TPH 3HAUCHHAX
E0.001% nopsaka 0,01—0,1.

1 cm, 465 mm

5. Xapaktep HH(MpPaKpPaCHBIX CHEKTPOB MNOTJIOLIEHHS. B xopoiio H3y-
yenHom muHrtepsase or 2 go 10 mxm HMK-cnekTpbl MOryT CJAYXHTL TIOA-
TBEpIKACHHEM NPHHAJVIENKHOCTH BElleCTBA K FYMYCOBLIM KHCJIOTAM.

BerpeualoTea caydaH, KOrfa STHX NPH3HAKOB HEAOCTATOUHO AJsA yBE-
peHHO HACHTH(HKALHH COCAHHEHHH, HO NPH H3YHYECHHH BELIECTB MOUBEH-
HOTO NMPOHMCXOXKACHHSI HX MOXKHO CYHTATh BIOJHE HANEKHBIMH, BoJsee Toro,
NpH HCCJAGAOBAHHHM MNOYBEHHBIX OPraHHYECKHX BEIIECTB HacTO MOZXKHO Orpa-
HHuUTbes coyerannem l-, 3- u 4-ro npusanakosB. CoBepLIEHHO HENPHTOAHBL
AJISi AMATHOCTHKM TFYMYCOBBIX BELIECTB HX OKpacka (no BH3YyaJIbHOH OleH-
Ke), cojepikaHHe OTAe/bHBIX FPYNI JIerKOrHAPOIH3YEMbIX cOe/AHHEeHNil, YHC-
A0 (PYHKIHOHAJABHBIX FPYNN, @ TAaKXKe PacTBOPUMOCTb, KOTOpas 3aBHCHT OT
30JIbHOCTH TPEnapaToB, HX OKHcjeHHOCTH, pH # HOHHOH CHJLI PacTBOpPA.
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